The preceding theory of excluded volume effects is applied to the Daud and coworkers ′ observations. Based on various researchers' experimental data, it is suggested that the Daud and coworkers ′ value of s 2 1/2 atφ = 1 may be revised from 82Å to 93Å. Then agreement between the theory and the revised data is excellent, giving a support to the preceding result that the excluded volume effects should vanish at medium concentration.
Introduction
In this paper, the preceding theory [1] of the excluded volume effects is reexamined. According to the theory, the expansion factor α is given by the equation:
where N is the number of segments, V the volume (the subscripts 1 and 2 signifying solvent and segment, respectively), χ the enthalpy parameter defined by ∆H ∝ χ, and β = 3/2 s 2 0 ( s 2 0 being the mean square radius of gyration of an unperturbed chain).
In eq.
(1), G is a function associated with segment concentration at the point (x, y, z) (the subscripts hill and valley signifying concentrated and dilute regions, respectively) and has the form where {a, b, c} is a set of coordinates of the center of gravity of polymer molecules in the solution, so that the summation represents the accumulation of segments emanating from different polymer chains and hence G reflects the segment concentration at the coordinate (x, y, z). Eq.
(1) suggests a new aspect of polymer solutions: The expansion factor α is a function of the difference ∆ = G A polymer solution is in itself an inhomogeneous solution of segments (see Fig. 1 ). This is because monomers are joined by chemical bonds; for this reason the segment concentration is the highest at the center of gravity, but decreases monotonically with increasing distance s from the center.
Such large inhomogeneity, however, can be reduced by raising polymer concentration, since the interpenetration of segments develops progressively with increasing concentration. According to eq. (1), as the inhomogeneity ∆ decreases, the excluded volume effects must also decrease. Thus the problem of evaluating the coil dimensions reduces to the problem of evaluating the magnitude of the inhomogeneity as a function of polymer concentration.
Application to Experiments
Small angle neutron scattering (SANS) measurements give valuable information on the mean square radius of gyration, s 2 , of polymer chains over wide concentration range [2] [3] [4] [10] [11] [12] [13] . Thus the SANS experiment provides the best tool to examine the theory of the excluded volume effects. In this paper we take up the earliest experiment by Daud and coworkers [2] (polystyrene solution in CS 2 ; MW=114000; M w /M n ∼ = 1.1) to compare with the preceding theory.
We introduce the lattice model to calculate the integral term:
According to the preceding work, polymer molecules are arranged on the sites of the simple cubic lattice having the unit length p × p × p. Then G has the form: 
The average segment density can be calculated by the equation:
With the help of eqs. (4), (5) and (6), we can solve eq.
(1) as a function ofφ. The basic physicochemical parameters of polystyrene are listed in Table 1 . To date the enthalpy parameter χ for carbon disulfide (CS 2 ) remains unknown. There are some evidences [7] [8] [9] [10] , however, that CS 2 will have slightly smaller value of χ than that for benzene †1 . Taking these data into consideration, we have chosen χ = 0.4. A central problem throughout the present work is the coil size in the bulk state (φ = 1). It was pointed out [4] recently that the observed value by Daud and coworkers [2] is not consistent with the observations by other workers. To inspect this we have collected experimental data of various researchers [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and compared those with the Daud and coworkers ′ , the results being summarized in Table A (see Appendix) . As one can see, the Daud and coworkers ′ evaluation (82Å) is appreciably smaller than the other researchers ′ (the average of which is 93.4Å). On the basis of this information, we replace the original value 82Å with 93Å (see Table 2 ) and compare with eq. (1). The simulation result is illustrated in Fig. 2 , together with the Daud and coworkers ′ observed points (•) and the revised point 93Å atφ = 1. Agreement between the theory (solid line) and the experiments is remarkably good, giving a support to the preceding result [1] that the excluded volume effects should vanish at medium concentration. The present result is in contrast to the classic prediction that the excluded volume effects should decrease smoothly over the entire concentration range from the dilution limit to the melt, but in accord with the experimental observations by Cheng, Graessley, and Melnichenko [3] , and those by Westerman, Willner, Richter and Fetters [4] . 
Discussion
A fundamental question is why a polymer coil expands. The answer seems quite simple: it simply comes from the difference of the Gibbs potential between the inside and the outside of a polymer coil, as the classic thermodynamics states clearly that a chemical equilibrium is realized at ∆G = 0 under constant T and P . The potential in question is caused by the concentration gradient between the inside and the outside of a molecule, namely by the inhomogeneity just mentioned above. Now it becomes clear that the wild inhomogeneity intrinsic to polymer solutions is the very source of the coil expansion. Theorists have so far neglected this large inhomogeneity of polymer solutions, having resorted to the mean-field ansatz.
It is important to stress that the present result is by no means conclusive. The agreement seen in Fig. 2 is based on the revised data, namely 82Å → 93Å forφ = 1. To settle the long-standing problem in polymer physics, the concentration dependence of excluded volume effects, much more experimental investigations are necessary. 
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